Abstract: Fifteen cyanobacteria species were isolated from fresh water and marine water resources from different parts of Tamil Nadu, India. Based on their morphological features they were identified through microscopic observations. The isolates were then screened for PHB production using nile red staining. It was found eleven of them were capable of producing PHB in their native forms. Further, PHB quantitative analysis by HPLC showed marine Phormidium sp with 7.60±0.005 mg/L (7.6%) of PHB, followed by Synechococcus sp with 4.59±0.012 mg/L (4.5%), Synechocystis sp with 3.74±0.007 mg/L (3.7%) and Anabaena sp with 2.31±0.012 mg/L (2.3%) of fresh water isolates. Among the isolates, Phormidium sp (VIT-BMN3) isolated from marine environments is reporting first time for its PHB production. In addition, biodegradable polymer extracted in hot chloroform is analysed by FTIR which showed strong bands near 1725 cm , 2977 cm and 3437 cm wave 1 1 1 numbers and confirms the presence of ester carbonyl group (C=O), methylene C-H vibration and terminal OH group of PHB, respectively. Overall, nile red staining, HPLC analysis and FTIR spectrums obtained for all cultures conforms the PHB production by our isolates in their native conditions. Further studies of media optimization for increased PHB production are under the process.
INTRODUCTION
To reduce the production cost, it is more Polyhydroxyalkanoates (PHAs) are microbial plants and cyanobacteria as alternative host systems polyesters produced by various microorganisms [1] because of their minimal nutrient requirement for growth including cyanobacteria. Cyanobacteria, also known as and biomass production and photoautotrophic nature blue-green algae are prokaryotic organisms which can [9, 10] . Recently, higher plants into which PHB synthesis carry out oxygenic photosynthesis under genes have been introduced have been used to produce photoautotrophic conditions [2, 3] . PHAs are among the PHB from CO by photosynthesis. The transformant of most investigated biodegradable polymers in recent years
Arabidopsis thaliana harboring PHB genes in a plastid due to their similar chemical and physical properties to accumulated approximately 14% dry weight as PHB in its polypropylene and also some special properties like leaves [11] . Under appropriate growth conditions, PHB nontoxic, biocompatibility and biodegradability [4] .
can be accumulated up to 85% of the cellular dry weight PHAs composition was first reported from bacteria as of Alcaligenes eutrophus [12] and 70-90% in recombinant unknown material in the form of homopolyester of the Escherichia coli cells [13] [14] [15] . Nevertheless, the demands 3-hydroxybutyric acid (PHB) [5] and the biodegradability for plant products can be expected to increase, which of PHB was noticed since 1958 by Macrae, Wilkinson and certainly will require more fertile land to be used for others [6] [7] [8] . Today, more than 300 different agricultural activities. In such a scenario, using microorganisms are found to synthesize and accumulate cyanobacteria to produce PHB may become more PHAs intracellular. The most well studied type of PHAs promising because the large-scale cultivation of is PHB. cyanobacteria does not require fertile land [16] . [14] . Industrial utilization of cyanobacteria as PHB culture medium and incubated for 10 min at 55°C. Cells producers has the advantage of converting waste carbon were then centrifuged and washed with PBS solution to dioxide, a greenhouse gas to environmental friendly remove excess of dye. Slides were prepared with stained plastics using the energy of sunlight. Therefore, in the cultures and were observed under fluorescent microscope current situation, searching for novel cyanobacterial (Olympus-BX61) at an excitation wavelength of 450-490 species for increased PHB production has become nm [16] . obligatory. In the present report, 15 cyanobacterial species from different environments were isolated and Quantification of PHB using HPLC: A modified HPLC screened for PHB production in their native conditions method [19] was used to quantify the PHB produced from using nile red staining method followed by HPLC and different cultures. 
Isolation and Purification of Cyanobacterial Species:
(Millipore). 50 µl of this filtered sample was then analysed Cyanobacterial species were isolated and purified from by HPLC with an ROA column 78 X 300 mm (Shimadzu different sources using basic microbial techniques CBM-20A, Made in Japan). Commercially available PHB primarily with serial dilution and followed by spread (Sigma-Aldrich) was also processed in parallel with the plating and quadrant streaking on BG11 agar plates.
samples. Bacterial and fungal contamination was avoided using antibiotics like; streptomycin and cycloheximide, each at Extraction of poly--hydroxybutyrate (PHB): Cells were 100 µg/mL [24] . Morphological identification of the harvested by centrifugation at 8000 rpm for 10 min and cyanobacterial strains was performed through washed with distilled water followed by overnight microscopic observations. In total 15 different strains methanol suspension at 4°C for the removal of pigments. were isolated, in which 12 strains from fresh water bodies
The pellet obtained after centrifugation was dried at 60°C and 3 strains are from marine environments.
for 1 h and PHB was extracted into hot chloroform using followed by membrane filtration using 0.22 µm filters soxhlet extractor [25] . After evaporation of the solvent, Quantification of PHB using HPLC: Eleven PHB was obtained as a tough, translucent film which was cyanobacterial isolates found promising for PHB further analyzed by FTIR spectroscopy.
production with Nile red staining, were further taken for
Fourier-transform Infrared Spectroscopy (FT-IR)
chromatography by converting PHB into crotonic acid. Analysis: Chloroform was evaporated from the extracted PHB analysis relies on measuring crotonic acid which is PHB and KBr pellet was prepared with PHB from different formed by acid-catalyzed elimination during chemical cultures and standard PHB from Sigma. A PerkinElmer depolymerization of PHB. The crotonic acid from acid spectrum GX FTIR spectrometer was used with spectral digested PHB (Sigma) showed one peak with retention range, 4000-450 cm to record the IR spectra.
time of 31 min and it served as standard to calculate 1
RESULTS AND DISCUSSION
The cultures treated with con. H SO have also shown
The efficient production of PHB (bioplastics) using respect to retention time. Among all species, Phormidium cyanobacteria is technologically challenging. sp. isolated from marine environments was found to Nevertheless, it remains as an attractive approach accumulate maximum PHB of 7.606±0.005 mg/L medium considering the fact that the carbon source comes followed by marine Synechococcus sp., fresh water directly from atmospheric CO for PHB synthesis [13, 26] .
cultures Synechosystis sp. and Anabaena sp. of PHB 2
The present study aimed to screen novel and potential 4.599±0.012 mg/L, 3.746±0.007 mg/L and 2.314±0.012 mg/L cyanobacterial species from different environments for respectively. Stal [24] has reported that Phormidium sp. PHB production.
isolated from microbial mat are found negative for PHB Cyanobacterial Isolates and Screening for PHB in the present study showed marine Phormidium sp. with Production: A total of 15 strains were isolated from maximum PHB accumulation among all isolates. Further to different regions of Tamil Nadu. Among the strains enhance the PHB production, media optimization and isolated, 3 species are from marine resources while rest of genetic manipulation studies on this marine isolate them are from freshwater regions. On the basis of their Phormidium sp. could results with high yield. The amount morphological features observed through microscopic of PHB produced by different species of marine and studies, cultures were identified in genus level as fresh water cyanobacterial cultures were summarised in Anabaena sp., Synechococcus sp., Synechocystis sp., Table 1 . However, the reason for higher production is yet Spirulina sp., Nostoc sp., Phormidium sp., Oscillatoria to discover. willei, Lyngbya sp. and summarised them in Table 1 . All species were primarily screened for PHB production Qualitative Analysis of PHB using FT-IR Spectrometry: using Nile red staining method and found 11 out of them Fourier-transform infrared spectroscopy (FT-IR) has been are capable of producing PHB which were seen as bright proved to be a powerful analytical tool for studying orange colour inclusions under the fluorescent microorganisms and their cell components in intact microscope (Fig. 1) . All the positive species were named form [27-30]. It has been reported that PHB is observable as VIT-BMN1 to VIT-BMN11.
in FT-IR spectra [31] [32] [33] . In the present study, PHB PHB quantification using high performance liquid the PHB produced by different cyanobacterial isolates. produced by different strains were observed by FTIR 2. Vermaas, W., 1996. Molecular genetics of the analysis. The standard PHB (sigma) showed its strong cyanobacteriumSynechocystis sp. PCC 6803: bands at 1725 cm , 2977 cm and 3437 cm which Principles and possible biotechnology applications. 
